We present the photometry of 30 globular clusters (GCs) and GC candidates in 15 intermediate-band filters covering from ∼3000 to ∼10000Å using the archival CCD images of M31 observed as part of the Beijing -Arizona -Taiwan -Connecticut (BATC) Multicolour Sky Survey. We transform these intermediate-band photometric data to the photometry in the standard U BV RI broad-bands. These M31 GC candidates are selected from the Revised Bologna Catalogue (RBC V.3.5), and most of these candidates do not have any photometric data. Therefore the present photometric data are supplement to RBC V.3.5. We find that 4 out of 61 GCs and GC candidates in RBC V.3.5 do not show any signal on the BATC images at their locations. By linear fit of the distribution in colour-magnitude diagram of blue GCs and GC candidates using the data from RBC V.3.5, and in this study we find the "blue-tilt" of blue M31 GCs with a high confidence at 99.95% or 3.47σ for the confirmed GCs, and > 99.99% or 4.87σ for GCs and GC candidates.
populations, and recent data from HST are hinting at a great fraction of Galactic GCs being composite populations at least chemically (see, e.g., Yi 2009 and references there).
Located at a distance of ∼ 780 kpc (see, e.g., Stanek & Garnavich 1998; Macri et al. 2001; McConnachie et all. 2005) , M31 is the largest and nearest Sb-type spiral galaxy in Local Group. According to the latest catalogue: The Revised Bologna Catalogue of M31 GCs and GC candidates (RBC V.3.5) (Galleti et al. 2004; Galleti et al. 2006; Galleti et al. 2007) , there are 509 confirmed GCs and 1058 GC candidates discovered in M31 by far and 421 former GC candidates have been proved to be stars, asterisms, galaxies, HII regions or extended clusters. These GCs and GC candidates in RBC were observed and discovered by many authors in different observation systems, i.e. CCD photometry, photoelectric photometry, and photographic plates, and a few are visual photometry (see, e.g., Vetesnik 1962; Sargent et al. 1977; Battistini et al. 1980; Crampton et al. 1985; Barmby et al. 2000) . For obtaining homogeneous photometric data, Galleti et al. (2004) took the photometric data of Barmby et al. (2000) as reference and transformed others to this reference and make the Master Catalogue RBC (see details in Galleti et al. 2004) . Although this catalogue includes the most comprehensive photometry by far, there are dozens of GCs and GC candidates nearly having not any photometric data. So it is impending to present the photometry for these GCs and candidates.
In the present study we will present the BATC multicolour photometric data for 30 GCs and GC candidates in RBC V.3.5, which nearly have not any photometric and spectroscopic information. This paper is organized as follows. In Sect. 2 we present the BATC observations and Sect. 3 describes the data reduction process. In Sect. 4 the final photometric results are given and we compare our photometry to photometry in literature. The new magnitude and colour distributions of the M31 GCs and GC candidates are also shown in Sect. 4. And finally, concluding remarks are given in Sect. 5.
THE SAMPLE AND OBSERVATIONS

The Sample GC Candidates
To date, the study of M31 GCs has been mainly based on the comprehensive Bologna Catalogue (Battistini et al. 1980 (Battistini et al. , 1987 (Battistini et al. , 1993 . Especially, Galleti et al. (2004) collected and revised all the available photometry, obtaining homogeneous photometric data in U BV RI bands by comparing all the data with the CCD photometries of Barmby et al. (2000) as a reference. In addition, Galleti et al. (2004) have searched the counterparts of the objects in their catalogue based on the 2MASS database, providing integrated J, H, K s photometry for 529 GCs and GC candidates, of which no previous NIR photometry was observed. This catalogue is referred as the Revised Bologna Catalogue of M31 globulars (hereafter RBC) (Galleti et al. 2004) .
It is worth mentioning that RBC is frequently revised (Galleti et al. 2004 (Galleti et al. , 2005 (Galleti et al. , 2006 (Galleti et al. , 2007 . The latest RBC is updated on March 27, 2008, and referred as RBC V.3.5 1 , which includes the newly discovered star clusters from Mackey et al. (2006) ; Kim et al. (2007) and Huxor et al. (2008) . When we check the distribution of V mag in RBC V.3.5, we find that there are 61 GCs and GC candidates not having V magnitudes, which are drawn in Fig.1 with open and solid circles, and the solid circles represent the multicolour photometries of these GCs and GC candidates obtained in this paper. In fact, there are few photometric data in any filters for these objects. So, in order to obtain the photometry for these objects, we searched the BATC survey archive during 1995 February − 2008 March, i.e., from the beginning to the end of M31 observation view before 2008 March (since the M31 field cannot be observed in Xinglong Station after March every year), covering about 6 square degrees, as showed in Fig. 1 . There are 519 individual images extracted, of which the observation images during 1995 September − 1999 December have been dealt by Jiang et al. (2003) (see their Table 1 ). Table 4 lists the log of observations from 2000 to 2008. There are 7 of them (EXT8, SH25, B306D, DAO11, BA22, BH01 and BA10) out of the BATC observation fields. So, the final sample of M31 GC candidates of this paper includes 54 objects. However, in this paper, we obtained the BATC multicolour photometry for 30 objects. The photometries for the other 24 objects are not obtained in this paper because of low signal-to-noise ratio or other reasons, which will be discussed in detail below. By comparing with Tables 1, 3 , 4 and 5 of Caldwell et al. (2009) , who present a new catalogue of 670 likely star clusters, stars, possible stars and galaxies in the field of M31, all with updated high-quality coordinates being accurate to 0.2 ′′ based on the images from the Local Group Survey (Massey et al. 2006) or Digitized Sky Survey (DSS), we find that, of these 54 objects only four objects (V234, H13, B523 and SK131C) are not included in Tables 1, 3 , 4 and 5 of Caldwell et al. (2009) . In addition, there are 5 objects, the coordinates of which are different between Galleti et al. (2004) (RBC V.3.5) and Caldwell et al. (2009) . We listed them in Table 1 for comparison. Since Caldwell et al. (2009) corrected the coordinates of M31 clusters based on the Hectospec fibers and FK5 system, we used the coordinates in Caldwell et al. (2009) to obtain the multicolour photometries for these 5 clusters in this paper.
Below, we will discuss the 24 objects in details, the photometries of which were not obtained in this paper.
1. There are 13 GCs and GC candidates (B523, DAO32, NB27, NB31, NB35, NB43, NB59, NB62, NB84, NB85, DAO83, SK131C and V229), the signal-to-noise ratios of which are too low in the BATC survey images of this paper, therefore we do not obtain their photometries.
2. NB57, NB60, SH05 and SH08: In the BATC survey images of this paper, anything was not found on their positions given in RBC V.3.5. Maybe, they are too faint to be seen in the BATC survey images.
However, there is an object very near the position of NB60 presented by Galleti et al. (2004 3. B287: This cluster is very close to an object in the BATC survey images (because of the low resolution of BATC system), the distance of between the centers of these two objects is about 3 pixels in the BATC images (in fact, from the BATC images, these two objects joint together), and we cannot obtain its photometry accurately in this paper.
4. B287D: It is very close to an object in the BATC survey images, the distance of between the centers of these two objects is about 3 pixels in the BATC images, and we cannot obtain its photometry accurately in this paper, too. In addition, this object is classified as a star by Caldwell et al. (2009 In addition, it is close to a much brighter star in the Milk Way (the magnitude of this star in BATC g filter is 12.23 ± 0.002). This star contaminates DAO88, although the distance of the centers of these two objects is 28 pixels in the BATC images, and we also cannot obtain its photometry accurately in this paper. In addition, the spectrum of this object is emission-line dominated from Caldwell et al. (2009) .
7. H13 and V300: In the BATC survey images, these two objects overlap an object, respectively. So, we
did not obtain its photometry in this paper, either. 
Observations
The observations of M31 were carried out by the BATC Multicolour Sky Survey System, which uses a 60/90 cm f/3 Schmidt telescope at Xinglong Station of the National Astronomical Observatories, Chinese
Academy of Sciences (NAOC), where the typical seeing condition is ∼ 2 ′′ − 3 ′′ (Ma et al. 2006a ). This system includes 15 intermediate-band filters, covering a range of wavelength from 3000 to 10000Å (e.g., Fan et al. 1996; Zhou et al. 2003 
DATA REDUCTION AND PHOTOMETRY
Descriptions of the BATC photometric system can be found in Fan et al. (1996) . Bias subtraction and flat-fielding with dome flats were done with the BATC automatic data reduction software, PIPELINE I, developed for the BATC Multicolour Sky Survey (Fan et al. 1996; Zheng et al. 1999 from Oke & Gunn (1983) . Hence, our magnitudes are defined in a way similar to the spectrophotometric AB magnitude system (i.e, the Oke & Gunnf ν monochromatic system).
The BATC magnitudes (see, e.g., Yan et al. 2000; Zhou et al. 2001 Zhou et al. , 2003 of the AB magnitude system is defined as
which links the magnitude to the number of photons detected by the CCD rather than to the input flux (Fukugita et al. 1996) . In equation (1), ν is frequency; f ν is the spectral energy distribution of the source in unit of erg s −1 cm −2 Hz −1 ; r ν is the filter response function of the system; λ 1 and λ 2 are the lower and upper cutoff wavelength of the passband, respectively. In this paper, we also used the combined images and calibrated results of Jiang et al. (2003) to obtain the in the M31-1 field. For the new observed images of the M31-1 field in a and b intermediate-band filters, we reduced them by automatic reduction software: Pipeline I, which includes bias subtraction and flat fielding of the CCD images. Then, we combined the images observed in the same filter to eliminate cosmic rays and to increase the signal-to-noise ratios as usually done in photometry. The absolute flux of the combined images was calibrated using the observations of standard stars (see, e.g., Fan et al. 1996; Zheng et al. 1999; Wu et al. 2002; Yan et al. 2000; Zhou et al. 2001 Zhou et al. , 2004 . Table 3 lists the observational parameters of the BATC M31-1 filed in a and b filters: filter name, central wavelength, width of filter, numbers of image combined, exposure time, the calibration errors in magnitude of the standard stars, and limiting magnitude, respectively.
Calibrations for
Calibrations of M31-2 to M31-7 Fields
For the images of the M31-2 to M31-7 fields, we did the same imaging reduction and combination as we did in Sect.3.1. The absolute flux of the combined images of the M31-2 to M31-7 fields was calibrated based on secondary standard transformations using the M31-1 field; we could easily identify the stars in common between the M31-2 to M31-7 fields and the M31-1 field, since adjacent overlapping fields were initially arranged. On the image of each filter, we first identified the positions of the common stars in the overlapping fields, calculated the mean magnitude offsets between the standardized magnitudes and instrumental magnitudes, and then applied this magnitude offset to transform the instrumental magnitudes of the M31-2 to M31-7 fields to the standardized magnitudes.
IRAF/DAOPHOT Photometry
For each M31 GC and GC candidate, the PHOT routine in DAOPHOT (Stetson 1987 ) is used to obtain magnitudes. To avoid contamination from nearby objects, we adopt an aperture of a radius of 3 pixels on the Ford CCD and of a radius of 4 pixels on the E2V CCD. Inner and outer radius for background determination are taken at 8 to 13 pixels for the 2k×2k Ford CCD corresponding to 10 to 17 pixels for the 4k×4k E2V CCD, from the center of the objects. Given the small aperture use for the GC and GC candidate observations, aperture corrections are determined as follows: We use the isolated stars to determine the magnitude difference between photometric radius of 3 pixels on the Ford CCD images and of 4 pixels on the E2V CCD images and the full magnitude of these stars in each of the 15 BATC filters. The spectral energy distributions (SEDs) for the GCs and GC candidates are then corrected for this difference in each filter. However, for AU008, since its background is too bright and varies greatly, we adopted an aperture radius of 2 pixels, and inner and outer radius for background determination are taken at 3 to 6 pixels.
The SEDs for the sample GCs and GC candidates are listed in Table 5 . Column 2 to Column 16 give the magnitudes of the 15 BATC passbands observed. The second line for each object gives the 1 − σ errors in magnitudes for the corresponding passband. The errors for each filter are given by DAOPHOT. For some
GCs and GC candidates, the magnitudes in some filters could not be obtained due to low signal-to-noise ratio. Fig. 2 shows the finding charts of the sample GCs and GC candidates in this paper in the BATC g 
Transformed Magnitudes in Broadband System
It is an uncontroverted fact that the photometry in the broadband system is very commonly used in astrophysical studies. In RBC V.3.5, the authors transformed the magnitudes of M31 605 GCs and GC candidates from Kim et al. (2007) in the Washington CM T 1 photometry to ones in broadband U BV RI system based on the equations of Geisler (1996) . These GCs and GC candidates were searched on the CCD images observed by Kim et al. (2007) using the KPNO 0.9m telescope. In order to keep consistency with RBC V.3.5, we will transform the magnitudes of the sample GCs and GC candidates obtained in this paper to ones in broadband U BV RI system. Using Landolt standards and the catalogues of Landolt (1983 Landolt ( , 1992 ) and of Galadí-Enríquez, Trullols & Jordi (2000), Zhou et al. (2003) derived the relationships between the BATC intermediate-band system and the U BV RI broad-band system. These relationships are given in equations (2) and (6) as: 
1 − σ errors of the magnitudes were estimated using the formulas below,
Using these equations, we calculate the U BV RI broadband magnitudes and 1−σ errors for the GCs and GC candidates in this paper and list them in Table 6 .
RESULTS AND DISCUSSIONS
Comparison of the Broadband Magnitude
Very recently, Caldwell et al. (2009) 
Magnitude and Colour Distributions
Based on the combined photometry of RBC V.3.5 and Table 6 is V − K can provide a useful discriminant to separate the bonaf ide GCs from the background galaxies (Galleti et al. 2004) . In this figure, it is easy to find that most of the bonaf ide GCs with V − K < 3.0 while most of the V − K > 3.0 points are GC candidates. Therefore, there are a lot of GC candidates might be the background galaxies according to the conclusion of Galleti et al. (2004) . Fig. 7 shows the colour -V magnitude diagrams for the GCs and GC candidates. Most of the candidates are fainter than V = 17 while most of the bright objects (V < 17) are confirmed GCs. It implies that the fainter candidates are difficult to be identified and the bright GCs are much easier to be searched. Fig. 4 The distributions of the magnitudes of M31 GCs and candidates in U, B, V, R and I bands, which combines the photometry from RBC V.3.5 and those from Table 6 . The open histograms are for the GCs and GC candidates while the hatched histograms are for the confirmed GCs.
The Colour -Luminosity Relationship
Harris et al. (2006) investigated the colour magnitude diagrams (CMDs) of GCs in eight brightest cluster galaxies (BCGs) with the ACS/WFC data of HST, and found a trend that the redder GCs are more luminous (massive) for the blue (metal-poor) population with M I > −10.5, which is called "blue tilt". After that, Strader et al. (2006) also found the blue tilt phenomenon in giant ellipticals (gEs) M87 and NGC 4649 in Virgo Cluster by analyzing the HST/ACS images, and used the self-enrichment to interpret this phenomenon. Spitler et al. (2006) also utilized the HST/ACS images to study the Sa/S0 galaxy Sombrero (NGC 4594) and found the blue tilt in the CMD. Mieske et al. (2006) found that, the blue tilt exists in early galaxies from the brightest ones to the faintest ones in Virgo Cluster with the HST/ACS observations, and the slope is deeper in the more luminous host galaxies. Mieske et al. (2006) indicated that self-enrichment and field star capture, or a combination of the two processes, offer the most promising means of explaining the blue tilt. Strader & Smith (2008) analyzed all the possible explanations for the blue tilt phenomenon discovered previously in various external galaxies, and showed that the self-enrichment in proto-GC clouds can and the efficiency scaling is proportional to the protocloud mass. Strader & Smith (2008) also investigated the metallicity and mass relationship of Galactic GCs, and did not find the blue tilt; and they suggested that this might be due to the fundamental differences between the parent clouds of Galactic GCs and those in blue-tilt galaxies. However, Strader & Smith (2008) do not know whether the blue tilt exits in M31 or not.
We will investigate this phenomenon based on the data in RBC V.3.5 and in this paper.
We plot the CMDs in (B − I) versus I band for all the confirmed GCs of M31 in Fig. 8 and for all the confirmed GCs and GC candidates of M31 in Fig. 9 . The KMM mixture modeling routine (Ashman, Bird & Zepf 1994) results strongly present evidence of significant slopes for the blue population. However, the slopes for the red population nearly approach zero, in other words, the luminosity of the red GC population is completely 
CONCLUSIONS
In this paper, we obtain the photometry of 30 M31 GCs and GC candidates in 15 BATC intermediate bands.
Based on Eqs. 6 − 10 of Zhou et al. (2003) , we transformed the BATC intermediate-band magnitudes to the boradband U BV RI magnitudes for these GCs and GC candidates. We checked the objects in our BATC images and found that, 4 objects could not be detected in the locations presented in RBC V.3.5.
We also investigated the relationship between I mag and B − I colour for the confirmed GCs, and GCs and GC candidates, respectively. After fitting, we obtained the slope of the blue population b = −0.141 ± 0.021 for the confirmed GCs, and b = −0.140 ± 0.013 for all the GCs and GC candidates. Thus it is proper to use LAMOST to investigate properties of GCs and GC candidates in M31 because of its wide FOV (5 degree) and many star clusters can be observed at the same time.
LAMOST is appropriate to study the properties of M31 GCs and GC candidates: in a few good nights, Fig. 9 The same as Fig. 8 , but for all the confirmed GCs (red pluses) and GC candidates (black pluses). The data used are also from RBC V.3.5 and this paper. We can also find the blue tilt in this figure. study the properties of M31 GCs and GC candidates, such as confirming GCs with radial velocities and determining metallicities by measuring the strengths of various absorption features in the integrated spectra (see Perrett et al. 2002 , and references there). 
